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BACKGROUND OF THE INVENTION 

The threat of chemical and biological warfare has accelerated the implementation of 
protective clothing for aircrew personnel. This protective clothing insulates aircrew personnel 
and accentuates the need for hydration during long or hot weather missions. Decline in mental 
performance with lack of proper hydration has been well documented and it is likely that 
physical performance is also affected. Pilots must have the tools to hydrate in flight to maintain 
peak performance even in a chemical biological warfare (CBW) environment. Therefore, the 
present inventors have recognized that it would be desirable to have a personal hydration system 
designed for cockpit use to meet the hydration need, as well as provide CBW hardened 
protection of that water source from HD and GB agents. 

SUMMARY OF THE INVENTION 

This invention provides a solution to one or more of the problems or needs or both 
identified above. 


In one respect, a hydration system for providing fluid to a user, comprising: a bladder 
configured to hold a fluid, wherein bladder comprises an outer layer of a chemically resistant 
composite such as a fluorinated rubber composite; a spout connected to the bladder and in 
communication with the inside of the bladder, wherein the spout comprises an output port and an 
5 fill port for filling the bladder with fluid; a cap adapted to engage and close the fill port; a tube 
having a first end connected to the output port of the spout and having a second end connected to 
a fluid delivery fitting. In this system, the bladder may be flexible; the bladder may comprise an 
inner layer of thermoplastic polyurethane; the second end of the tube may connect to a closable, 
rigid drink straw; the drink straw may be made of metal; the cap may be adapted to screw into 
10 the fill port; the spout may have a width and a height, wherein the width may be greater than 
height; including a width at least two times greater than the height; and combinations thereof; 

S3 In another broad respect, this invention is a process for manufacturing a hydration 

I "3 system, comprising: connecting a spout to a laminate used to form a bladder by securing the 
l§ spout in a hole in the laminate; forming a bladder from the laminate, wherein the laminate 

I*} 

| ^ comprises an outer fluorinated rubber composite layer and an inner layer of a thermoplastic 
O polymer; connecting a first end of a tube to an output port of the spout; and connecting a fluid 
q. delivery fitting to a second end of the tube. This process may further comprise engaging a cap to 
|j~ an fill port of the spout, attaching a tube to an output port of the spout; and/or attaching a first 

29 end of a tube to an output port of the spout, wherein the tube includes a second end to which is 
m affixed a closable mouthpiece to deliver fluid to a user or to which may be affixed a closable 

connector for connecting to another piece of equipment, such as a drink straw, from which a user 
would intake the fluid. 

25 In another broad respect, this invention is a method of storing a fluid, comprising: at least 

partially filling the hydration system an fill port with a fluid, and closing the system by engaging 
the cap to the fill port, wherein the hydration system comprises: a bladder configured to hold a 
fluid, wherein bladder comprises an outer layer of fluorinated rubber composite; a spout 
connected to the bladder and in communication with the inside of the bladder, wherein the spout 

30 comprises an output port and an fill port for filling the bladder with fluid; a cap adapted to 
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engage and close the fill port; a tube having a first end connected to the output port of the spout 
and having a second end connected to a fluid delivery fitting. 

In another broad respect, this invention is a bladder to store fluid, comprising: an inner 
5 bladder layer of a thermoplastic polymer and an outer bladder encompassing the inner bladder, 
wherein the outer bladder layer comprises fluorinated rubber. The inner bladder layer can be 
comprised of thermoplastic polyurethane. The outer bladder can be comprised of a multiplayer 
laminate of the fluorinated rubber layer, a polyamide reinforcement layer, and a thermplastic 
polymer layer. The bladder can include a hole to fill the bladder with liquid. The hole can 
1 0 mounted with a spout and cap. 

The fluid used with the hydration system of this invention may be water, or any other 
fluid. The particular selection of fluid is not critical in the practice of this invention. 



FIG. 1 is a top view of one representative embodiment of the hydration system. 


BRIEF DESCRIPTION OF THE DRAWINGS 


FIG. 2 is a side view of one representative embodiment of the hydration system. 
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FIG. 3 is another side view of one representative embodiment of the hydration system. 


FIG. 4 is a cutaway view of one representative embodiment of the hydration system. 
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FIG. 5 is a cutaway view of a bladder at a sealed edge. 


FIG. 6 is a representative drinking straw for use with the hydration system. 


FIGS. 7, 8, and 9 are side, perspective, and exploded views of the spout and cap. 
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DETAILED DESCRIPTION OF THE INVENTION 


A new hydration system subject of this invention was developed to exceed the 
capabilities of the previous generation two-quart canteen. The previous generation two-quart 
canteen used by the US military was designed neither for chemical and biological warfare use 
nor aviator use. This ethylene-vinyl acetate (EVA) canteen only provided a "disposable" CBW 
solution for ground forces. The new hydration system, comprising a water bladder (or "pouch"), 
fill port, drink tube, and connecting hardware can be designed for aviator use with the CBW 
protective ensemble. The hydration system may be designed to integrate with existing CBW 
aviator hardware and is unobtrusive in a tightly packed cockpit. Construction can be modular 
and would allow adaptation to other military and non-military personal hydration configurations. 

In one embodiment, this invention provides a durable, flexible hydration system resistant 
to contamination by contact with GB and HD chemical agents, for aviator use, for example, and 
may be of many different designs for a wide range of end users. In deciding on a design, there 
are often conflicting concerns of water potability and protection from chemical agents in 
compliant polymeric materials. Water potability and health concerns dictate the use of high 
purity thermoplastic resins with very limited use of lubricants, accelerators, antioxidants, and 
plasticizers. Flexible chemically resistant applications demand the use of highly crosslinked, 
permeation resistant, plasticized elastomers or thermosets. By using multilayer laminated and 
unlaminated polymer composites, as well as closely examining permeation properties, a balance 
has been reached to meet these conflicting requirements. 

In one non-limiting respect, this invention is a water pouch for use by aviators. The 
CBW flexible hydration system was designed to integrate with existing aircrew hardware. First, 
it had to fit inside the AIRSAVE vest. This requirement necessitates flexibility because the 
water pouch is worn directly against the body, with several components mounted on the outside 
of the vest. One way to ensure comfort for the pilot was to make the pouch completely 
compliant. Second, the pouch was required to connect directly to the M45 protective mask. The 
M45 mask connects to the Ml cap using, for example, an ethylene propylene diene monomer 
(EPDM) rubber tube and a metal drinking straw. The Ml cap, however, is a large, stiff 


component that will not fit comfortably inside a vest. Instead, a low profile fill port with a 
remote connection to the metal straw used with the Ml cap was designed. Without the 
connection for the metal straw provided by the Ml cap, a new location for the drink straw 
receptacle was required. This fitting was located on the end of a flexible tube that connects to 
the low-profile spout. The fitting was designed such that it can either be used with the 
drinkstraw, or in a non-CBW or emergency situation, can be drunken from directly. This 
situation might occur after a pilot has ejected and is awaiting rescue, but no longer wearing the 
M45 mask. As used herein, this fitting may be referred to as a fluid delivery fitting. 

Turning to FIG. 1, a perspective view is shown of one representative hydration system 
100 of this invention. The hydration system includes a bladder 110, a spout 120, a tube 130, a 
fluid delivery fitting 140 that is configured to provide fluid to a user and which can be closed 
when not in use, and an optional pinch valve 150 that serves to stop the flow of fluid through the 
tube. Claims may be used to seal the connections between the ends of the tube and the fluid 
delivery fitting and the output port. The fluid delivery fitting may be in the form of a 
mouthpiece, such as are well known in the art, for direct use by a user. The particular style and 
construction of the fluid delivery device is not critical in the practice of this invention. The fluid 
delivery fitting may also be configured to engage a separate delivery device, such as a metal 
drink straw that is used currently by aviators and in this regard may be considered a drink tube 
adapter (or drink straw adapter). As used herein, "fluid delivery fitting" refers to either of these 
alternatives unless otherwise specified. A stopper 144, which is connected to lanyard 144a, may 
be used to close the fluid delivery fitting when not in use, to thereby prevent fluid from exiting. 
Similarly, the cap may be attached to a lanyard, which may connect for example to the tube. The 
bladder is comprised of an outer fluorinated rubber composite layer and an inner thermoplastic 
polyurethane layer. The bladder, which may be composed of an inner thermoplastic 
polyurethane bladder layer and an outer fluorinated rubber composite bladder layer, defines an 
internal reservoir that holds fluid (the bladder is hollow), the fluid being in direct contact with 
the polyurethane layer. The outer bladder layer is formed from a chemically resistant polymer 
composite that serves to protect the inner bladder layer from aggressive chemicals and biological 
agents. The spout preferably has a low profile. The spout may be threaded with a corresponding 
threaded cap 122 to engage and cover the fill port. The tube connects to an output port of the 


spout. The hydration system may include additional spouts, tubes and fluid delivery fittings as 
desired. The hydration system 100 may be a variety of designs/configurations depending on the 
needs of the end use. In the configuration of FIG. 1, the hydration system has a length which is 
greater than its width which is greater than its height. The hydration system may also include an 
5 internal assembly, in communication with the output port, so that fluid may be drawn from the 
very bottom of the hydration system during use, such as toward end "a". 

FIG. 2 is a side view of the hydration system 100. In FIG. 2, the cap 122 is more fully 
shown. FIG. 3 is another side view of the hydration system from the "a" end. 
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FIG. 4 shows a cutaway view of the hydration system 122. The fill port 123c is a bore 
defined by phantom lines 123a and 123b. The spout is configured to be inserted through a hole 
in the bladder 110, and fastened into place by, for example, screws threaded into the inner 
Q section 124, which forms a part of the spout. This may be accomplished by installing the spout 
Iff] prior to thermally welding to form the bladder and optional taping of the welded edges to 
\ J increase strength of the seal. One or more O-rings and/or raised edges may be used to ensure a 
13 tight seal at the interface of the spout and the bladder material. The O-rings (seals) can be made 
p of Viton™ fluorinated rubber. The inner section 124 may be adapted so as to be a separate piece 
J*j that can be affixed to the spout 120 so as to hold the spout in the hole of the bladder and provide 
2® I a seal so that the hydration system does not leak. The inner section 124 can also be contiguous 
jy with the spout 120, and may engage the hole in the bladder by a gap between the end and the 
other end of the spout, fastened into place by use of screws, rivets or the like so as to crimp the 
bladder and thereby seal the hole and hold the spout in place. FIG. 4 also shows a cutaway of the 
bladder, with two layers shown. 

25 

FIG. 5 shows a cutaway view of the bladder material at a sealed edge of one embodiment 
of the invention. In FIG. 5, thermoplastic polyurethane layers 520a, 520b are heat sealed to form 
an edge 521. Two fluorinated rubber composite layers 510a, 510b, which can include a 
polyamide reinforcement layer sandwiched between a fluorinated rubber layer and a heat 
30 sealable thermoplastic polymer layer, are thermally welded to form edge 511. The edge 5 1 1 may 
be further reinforced by use of tape 530. It can be seen that in one embodiment, the present 
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invention provides a bladder that is composed of an inner polyurethane bladder formed from the 
polyurethane layers 520a and 520b, and an outer protective bladder formed from fluorinated 
rubber composite. There may be a gap 540 between the layers when the layers are lying loosely 
together. Stated differently, this embodiment provides a pouch within a pouch, with the inner 
5 bladder forming a reservoir in contact with the fluid. Thus, though the layers can be bonded 
together, the thermoplastic polyurethane layer and the fluorinated rubber layer need not be 
bonded to one another. Though not necessarily bonded together, the inner and outer bladder 
layers may of course be in full, contiguous contact when the hydration system is filled with a 
fluid. 
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FIG. 6 shows a representative configuration of a hydration system that has the fluid 
delivery fitting 140 connected to a drink straw 143 (or "drink tube"). Thus, in this configuration 

SSS5 

13 the fluid delivery fitting is configured to receive the drink straw. It should be appreciated that 
jpj the drink straw may include a wide variety of additional styles. In FIG. 6, the drink straw 143 

1SJ includes an end 141 that a user may draw from directly or which may be connected to a separate 
y hydration assembly. The hydration system of this configuration may be closed by engaging 
|- stopper 144 to the tip of end 141. The stopper 144 may be configured to also engage and close 
p the fluid delivery fitting when the drink straw is absent. The stopper 144 is connected to the 
O bod y 142 by a lanyard 144a in FIG. 6 for ease of use, but may be separate or connected to 

2jjj another part of the hydration system. 
= y 

FIG. 7 shows a side view of the spout and cap. The cap 122 is engaged into the fill port 
123c defined by phantom lines 123a and 123b. The spout includes an output port 125 which 
may be connected to the tube 130. In FIG. 7, there is shown a gap 126 between the inner section 

25 124 (which during use would be on the inside of the bladder) and outer section 121 that make up 
a portion of the spout. After installation, the a portion of the bladder material will be seated 
between the inner section 124 and outer section 121, with O-ring (which may be made of 
Viton™ fluorinated rubber) and/or raised edges employed to ensure that a seal is formed. It 
should be appreciated that the cap 122 and fill port 123c may be threaded so that the cap may be 

30 screwed into place to close and seal the fill port. It should also be appreciated that the spout and 
cap of FIGS. 7-9 are representative, and a range of styles and sizes of spouts and caps may be 
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employed. Likewise, a variety of materials may be used to make the spout and cap. In one 
alternative, the spout and cap are made by injection molding using an appropriate polymer or 
polymer blend, such as polyamide (Nylon 612) with 30% glass fibers for reinforcement. The 
lanyards, fluid delivery fitting, and stopper can be made of a relatively flexible material such as 
5 polyphenylene oxide ("PPO"). 

FIG. 8 shows a perspective view of the spout 120 and cap 122. From this angle it should 
be appreciated that the output port 125 includes a bore through which fluid flows. 

10 FIG. 9 is an exploded view of the spout 120 and cap 122, which shows in this case the 

cap including a threaded portion 122a that engages the fill port of the spout 120. In FIG. 9, the 
inner section 124 is separate from outer section 121 prior to assembly. The inner section 124 
includes holes 124a through which screws may be threaded into the outer section 121 so as to 
3 engage and grip the bladder material. With reference to FIG. 7, the bladder material would 
lSj become engaged in gap 126. 

13 The bladder typically holds from one pint to two gallons of fluid, though greater volumes 

D C3n be heW ' The bladder is made U P of at least layers, including a fluorinated rubber layer 
m and a thermoplastic polyurethane layer. The fluorinated rubber composite layer itself can 
2jK contain multiple layers and/or components, and may include in this regard polyamide 
ir? reinforcement. 

m 

While a variety of polymeric materials can be employed, aromatic thermoplastic 
polyurethane is the preferred inner bladder material to come in contact with the fluid for several 

25 reasons. First, it is flexible and tough over a wide temperature range without the use of 
plasticizers. Ultimate elongations of 500 to 600 percent are typical for urethanes without 
plasticizers. Other polymers such as PVC require additives to retain flexibility at room 
temperature, and still become brittle at near freezing temperatures. With regards to mechanical 
properties, the only other competing materials are elastomers, or rubbers. However, rubbers 

30 must be crosslinked by vulcanization using sulfur to obtain useful mechanical properties. 
Unreacted sulfur or accelerators, even in very small amounts, imparts a foul taste to water that 
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contacts it for any significant period of time. Additionally, typical rubbers must be chemically 
glued together, whereas polyurethane is a thermoplastic that readily forms strong thermal welds. 
Chemical bonding introduces another set of potentially toxic chemicals to drinking water and can 
be less reliable mechanically. The only problem with thermoplastic urethane is that it has 
relatively low resistance to permeation by chemical agents. An outer barrier was therefore 
employed. 

For the outer protective covering, a chemically resistant composite is employed. One 
representative example of such a chemically resistant composite layer is fluorinated polymer 
such as fluorinated rubber. A multilayer laminate already proven worldwide in industrial 
chemical protective applications can be utilized. This laminate meets performance requirements, 
including permeation, flammability, and abrasion resistance, of the National Fire Protection 
Association (NFPA) 1991,1994 edition standard. This laminate may be composed of several 
polymeric layers including a polyamide fiber reinforcement layer for strength, several rubber 
layers for permeation resistance, and a thermoplastic layer to allow for thermal welding. More 
particularly, the multiplayer laminate/composite includes a layer of fluorinated polymer such as 
fluorinated rubber. This layer may include other rubber materials. A representative example of 
such a fluorinated rubber is Viton™ rubber available from DuPont. These fluorinated rubbers 
may be based on hexafluoropropylene and vinylidene fluoride. Such materials are well known 
as being chemically resistant. Thus, in general, the fluorinated rubber composite may be 
multiplayer and include a polyamide reinforcement layer sandwiched between a thermoplastic 
polymer layer (to all for thermal welding) and the fluorinated rubber. As used herein, 
"fluorinated rubber composite" or "fluorinated rubber laminate" refers to materials that include 
one or more fluorinated rubber layers, but may include other layers such as the polyamide and 
thermoplastic polymer layers. It is possible that other chemically resistant polymers be used 
instead of fluorinated rubber. 

The tubing employed may be of a variety of lengths and diameters, depending on the end 
use. The tubing is typically made of a flexible plastic tubing, such as silicon tubing and vinyl 
polymer tubing (e.g., Tygon™ tubing). For military applications, the requirements for the tubing 
are not entirely similar to those for the pouch material. First, the tubing must be stiff enough to 


prevent collapse, but flexible enough to prevent kinking and allow ease of movement. 
Unfortunately, flexibility is usually related to permeability. Secondly, the tubing must be of a 
type approved for contact with potable water. It would seem the ideal tubing would consist of a 
layer of highly resistant fluoropolymer over a soft, flexible potable water formulated polymer. 
TFE fluoropolymers are inherently stiff and prone to kinking. Multilayer tubing is prone to 
difficulties with reliably sealing both tubes at the ends. A single layer tubing with the ability to 
both carry potable water and resist permeation and damage by both CBW agents and 
decontaminants was required. By choosing a flexible, chemical resistant tubing of a sufficient 
thickness to keep the permeation rate low, all requirements could be met. 

Table 1 shows a listing of the several tubing materials. These were tested against 
dimethyl sulfoxide as an agent simulant. DMSO a is polar aprotic solvent and is specified as a 
chemical agent simulant because it quickly permeates skin, similar to CBW agents, but has 
relatively low toxicity. It thus provides a safe, worst case testing medium. Testing of tubing 
materials was performed by placing 20 ml of distilled water into 2 foot long sections of tubing, 
then immersing the center 12 inches of the tubing in a 50 vol% DMSO, 50 vol% water mix for 
72 hours at room temperature and pressure. The water inside the tubes was then collected and 
tested for DMSO content using a Hewlett-Packard 5890 Series 2 gas chromatograph. Tubes 
were 1/4'TD by 7/16"OD unless otherwise noted. Table 1 also shows the advantages and 
disadvantages of each tubing material. 


10 


Table 1. Tubing material DMSO challenge test results and 
advantages and disadvantages of each material. Minimum level of 
detection was 10 ppm. Materials such as silicone rubbers and 
fluoropolymers were not tested because they were too permeable or 
5 too rigid. 



Material 

72 hour water 

A 1 A 

Advantages 

Disadvantages 



contamination by 





DJViSOj ppm 




Tygon lined EPDM 

<10 

-flexible 

extremely difficult 


(ethylene propylene 


i*ii • j i j 
-highly resistant to 

to use with tube 


diene monomer) 


permeation 

fittings 


hrDM 

<10 

-single layer 

imparts foul taste to 




-works well with 

water 




fittings 





-very flexible 



Food grade Tygon, 

23 

-NSF approved- 

somewhat 


3/8 OD 

(average 0.005 

imparts no taste to 

permeable 



|ig/cm /mm) 

water 





-flexible 


n 



-single layer 


l \ 



-works well with 





fittings 



Food grade Tygon, 

<10 

-same as above, but 

-difficult to use 

■J 

l/2"OD 


longer protection 

with standard 




-will not kink 

fittings (too thick) 





-permeability 


polyethylene lined 

<10 

-tough and strong 

-inflexible 

f! 

ethyl vinyl acetate 


-cut resistant 

-can't use hose 

3 



-low permeability 

1 1 A 1 J 

clamp valve to shut 

y 



-FDA compliant 

off flow 




-seals well over 

-possible 




barb fittings 

infiltration between 




without hose 

layers 




clamps 



fluorinated ethylene 

<10 

-flexible 

-kinks easily 


propylene lined 


-low permeability 

-cannot be used 


Tygon 



with barbed tube 





fittings or hose 





clamp valve 


EPDM tubing has the best properties from a mechanical and CBW viewpoint, but the 
taste of water passing through this tubing is revolting. Personnel would most likely begin 
10 suffering the effects of dehydration before they would want to drink water that contacted this 
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tubing or any other rubber materials. It is suspected that residual unreacted sulfur contained in 
the rubber contaminates water in contact with it. Although not toxic, it takes very little contact 
time to make the water undrinkable. The Tygon food and beverage tubing, by contrast, was 
found to add no detectable taste to water. Further testing of a thicker wall 1/4'1D by 7/16"OD 
food grade Tygon tubing for 96 hours in 50% percent DMSO revealed no contamination of the 
water inside. It is believed that the claimed exceptionally low porosity of this material keeps 
permeation rates low without excessive stiffness. From the above data, it was decided that this 
thickness of food-grade Tygon tubing sufficiently resists permeation and damage by solvents and 
alkaline solutions, yet provides good flexibility and adds no taste to contacting water. It should 
be appreciated, however, that the selection of superior materials for the tube may vary depending 
on end use. 

A hydration system was constructed and subjected to a number of tests. As used herein, 
hydration system may also be referred to as a "water pouch," though the system is not limited to 
use of water as a fluid to be held in the reservoir of the bladder. 

The first mechanical test of the water pouch was a drop test. A pouch was dropped from 
a height of eight feet onto a smooth concrete surface. This test was repeated for each of the 6 
orthogonal directions relative to the water pouch . No damage occurred. 

The next test was a pressurization test for leakage. A pouch was submerged under 6 
inches of water, then pressurized internally to 4.0 psi with air. No leakage occurred. Next, this 
pouch was placed in a hydraulic load frame where . A load was applied in displacement control 
at a rate of 0.5 inches/minute. When held at 1000 lbs. load for 30 seconds, no damage occurred. 
When the load was increased to 1200 lbs., slow, noncatastrophic separation of the heat sealed 
area of the outer barrier material occurred in one location. The chemically bonded tape did not 
separate, however, so no holes actually appeared in the outer layer and no leakage occurred at 
this location. Approximately 5 ml of water leaked from the spout during this testing. Upon 
subsequent air pressure testing of the same pouch as described above, a bubble appeared every 5 
to 10 seconds at one location on the spout when pressurized to 3.5 psi due to slippage of the 
pouch material relative to the spout. Subsequent redesign included a reinforcing ring of double 
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thickness polyurethane in the spout region to address this weakness, even though these tests far 
exceed previous durability expectations. 

To address the possibility of breakthrough of the inner layer without visible damage to 
the outer layer, several puncture tests were conducted using both FTMS 101 M2065 (round tip 
probe) and ASTM D 4833 (cylinder tip probe) test equipment. To test the pouch material as a 
system, both layers were placed in the test apparatus in the same configuration as in the pouch. 
In these tests, puncture of the outer material always occurred first. In fact, the physical limits of 
the test apparatus were reached before puncture of the urethane material. 

The final mechanical test was designed to address the possibility of decompression at 
high altitude during ejection or mechanical failure. The maximum change in pressure that is 
expected to occur in flight is from filling and sealing at sea level (14.7 psia) to a final cabin 
altitude after decompression of 40,000 ft (2.7 psia). To simulate this effect, a pouch was placed 
in a vacuum chamber and the pressure was reduced from atmospheric to 2.7 psia. Although 
rapid decompression (<15 seconds) was not difficult to reproduce and did not effect the pouch, 
explosive decompression (<0.1 seconds) is more difficult and has not yet been simulated. Due to 
the incompressibility of water and a vapor pressure of only about 0.5 psi at room temperature, 
the water pouch had to be filled partially with air for this test to be of any consequence. Because 
the pouch is flexible and there will only be a small quantity of air inside, it is expected that 
explosive decompression will also have very little effect on the pouch. Decompression effects 
will be negligible if air is removed from the pouch before sealing. Thermal tests consisted of 
soaking and cycling between high and low temperatures. First, a filled pouch was placed in a 
freezer at 4°F until frozen solid (approximately 20 hours). 

After thawing, the same pouch was placed in an oven at 149°F for 4 hours to simulate the 
hottest induced conditions expected, such as within an enclosed vehicle under bright sunlight on 
a hot day. Next the pouch was placed in a Tenney Environmental Test Chamber and exposed to 
100 cycles between -13°F and 203°F at a rate of 2 cycles per hour for 100 hours. No damage 
occurred in any of these tests. 
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Although these water pouches have not yet been tested against actual chemical agents 
and decontaminants, testing of the complete pouches against a DMSO solution does provide a 
comparable measure of the ability of chemicals with high solvency to penetrate the materials and 
seals. Pouches were tested by immersing them in a 50% DMSO solution at room temperature 
for 24 hours. Samples were taken by withdrawing 15 ml aliquots through the drinking tube at 
exposure periods of 10 minutes, 2 hours, and 24 hours. Of three pouches tested, no DMSO 
contamination of the water contained inside was detected through 24 hours of exposure. Blind 
contaminated samples were used to verify the efficacy of the DMSO detection process. 

It should be understood that this invention is not limited to a water pouch as described in 
detail above. This water pouch may be made in a variety of shapes and sizes, depending on a 
given end use. The pouch may be fitted with alternative fittings such as the cap and tubing 
dispenser, or no tubing. The cap/drinking component may be arranged to provide a traditional 
canteen type design. The pouch may be itself contained in a rigid vessel depending on end use. 

The inner bladder may be readily fabricated using standard thermal welding of the 
polymeric material. Similarly, the inner layer of the outer protective coating is advantageously 
formed from a thermoplastic material which affords the ability to thermally weld the material 
together in any desired shape. The outer seams so formed may optionally be reinforced using a 
chemical adhesive to bond a rubber strip to the outer surface of the pouch. 

Further modifications and alternative embodiments of this invention will be apparent to 
those skilled in the art in view of this description. Accordingly, this description is to be 
construed as illustrative only and is for the purpose of teaching those skilled in the art the manner 
of carrying out the invention. It is to be understood that the forms of the invention herein shown 
and described are to be taken as illustrative embodiments. Equivalent elements or materials may 
be substituted for those illustrated and described herein, and certain features of the invention may 
be utilized independently of the use of other features, all as would be apparent to one skilled in 
the art after having the benefit of this description of the invention. 
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